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Abstract: In the spring of 2007 the Kuba Dam in Nätra Stream was removed for restoration 
purposes, mainly to give free passage to migrating fish. This action gave an opportunity to 
study the effects of dam removal on organisms both on land and in water, a type of study 
which is in demand for planning purposes of future dam removals. This study focuses on the 
effects upon the vegetation along the stream where the former reservoir was situated. Willow 
cuttings and sunflower seeds were used as phytometers to assess the growth conditions one 
year after removal at three different elevation levels at four different sites along the Nätra 
Stream. The reaches studied were the former reservoir of Kuba Dam (Site A), the area just 
downstream of this former dam (Site B), further upstream in the reservoir of the existing 
Nyfors Dam (Site C), and even further upstream at Myreforsen, a reference area not affected 
by dams (Site D). Willow cuttings and sunflower seeds were planted at three different riparian 
levels at the sites in June and left to grow until August when growth results were collected. 
Many of the cuttings had died but statistically significant differences between sites could still 
be detected. They showed that the former reservoir shorelines in Kuba (Site A) had a plant 
growth significantly higher than the other regulated site. In other words, it was no longer 
equal to an existing reservoir but not yet similar to a free-flowing reach. The western side of 
the stream at this site had a higher growth than the eastern side and also higher than all the 
other sites. As for the three levels, the results showed a higher growth at the lowest elevation 
level at site A than all at the other levels and sites. This suggests that a combination of good 
access to sunlight and nutrients and fine-grade moist substrate results in a good growing 
conditions nearer the water in this former reservoir. The results for the sunflower seeds 
showed that the reference reach had a higher colonization success than the other sites.  
 
Sammanfattning: Utrivningen av Kubadammen i Nätraån våren 2007 gav möjlighet att 
studera och följa upp hur en sådan förändring påverkar organismer på land och i vatten både 
uppströms och nedströms den tidigare dammen. Denna typ av undersökningar efterfrågas allt 
mer i och med att fler och fler dammar rivs av olika anledningar. I Kubadammens fall hade 
dammen förlorat sin ursprungliga roll och de fördelar som magasinet förde med sig för bland 
annat rekreation vägde inte längre upp dämningens negativa effekter på vattendragets 
ekosystem, till exempel som vandringshinder för fiskar. I denna studie har fokus lagts på vad 
som sker med vegetationen på stränderna längs det forna vattenmagasinet efter rivning. Med 
hjälp av videkvistar och solrosfrön som fytometrar undersöktes tillväxten ett år efter rivning 
på tre olika strandnivåer på fyra olika lokaler längs Nätraån. Dessa lokaler var Kubadammens 
gamla magasin (Lokal A), området direkt nedströms den före detta dammen (Lokal B), den 
nuvarande Nyforsdammens magasin (Lokal C) uppströms den före detta dammen, samt en 
referenssträcka vid Myreforsen (Lokal D) uppströms alla Nätraåns dammar och därmed ej 
påverkad av dämningseffekter. Videkvistarna och solrosorna planterades på tre nivåer på de 
olika lokalerna i juni och tilläts växa till augusti då tillväxtresultaten samlades in. Många 
kvistar hade dött under tiden men tillräckligt många överlevde för att det skulle gå att läsa ut 
statistiskt signifikanta skillnader i tillväxt. Resultaten visade att det före detta magasinet vid 
Kuba (Lokal A) hade en signifikant högre tillväxt än de andra lokalerna, vilket visar på att 
tillväxtförhållandena för vide varken liknar dem i ett befintligt magasin eller på en orörd 
sträcka eller nedströmssträckan, utan var betydligt mer gynnsamma. På denna lokal växte 
fytometrarna dessutom signifikant bättre på den västra sidan än på den östra sidan. När man 
ser till de tre nivåerna så växte videkvistarna i nivån närmast vattnet i det före detta magasinet 
vid Kuba bättre än på de övriga nivåerna på samma lokal och på de övriga lokalerna. 
Troligtvis beror detta på en kombination av öppenhet som ger bra tillgång till solljus, bra 
näringstillgång, substratets finkornighet och förmåga att hålla kvar fukt närmare vattnet. 
Resultaten av solrosfrönas etablering visade på att referenssträckan hade en högre etablering 
än övriga lokaler. 
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1. Introduction  
 
1.1 The effects of dams and dam removal 
There is substantial evidence showing that damming has negative effects on stream and river 
ecosystems. Bednarek, in her review from 2001 summarizes some of these effects. For 
example, dams increasingly fragment the ecosystems in rivers (Dynesius & Nilsson, 1994), 
reducing biodiversity on both land and in water. Dams obstruct migration and dispersal of fish 
and other mobile organisms (Petts, 1984, Stanford et al., 1996) and they make downstream 
spread of nutrients and seeds more difficult. Some riparian species with seeds with poor 
floating capacity will not be able to spread downstream as before, and with time this will lead 
to the species being unevenly distributed among reservoirs along the same river, and the 
banks will rather be colonized by species from other parts of the reservoir or from 
surrounding land than from upstream areas (Jansson et al., 2000). Large and deep reservoirs 
with releases of hypolimnic water imply a reduction of water temperatures that can have a 
strong influence on growth and reproduction of the often ectotherm organisms in downstream 
reaches (Stanford et al., 1996). Studies also show that sediments are deposited in the 
reservoirs because of the reduction in current velocity, and may eventually cause failure of the 
dam (Petts, 1984). These sediment particles also fill up the cavities between cobbles and 
boulders, destroying these types of habitat for fish and other aquatic organisms. Because of 
this deposition sediment-starved water is released from the dam and may cause erosion 
downstream because of uptake of fine material; which can result in changed characteristics 
(both biological and physical) in the rivers downstream, a phenomenon called “hungry water” 
(Kondolf, 1997). On the other hand, dams which are built close to the coast may deprive the 
river of sediment so that it may not longer feed the coastal beaches and estuaries or deltas. 
This has happened with the beaches, delta and shorelines near the outlet of the Elwha River in 
the state of Washington in the United States (DOI, 1995). The river’s two large dams, which 
are now up for removal, block both fish passage and sediment transport and this has had a big 
impact on the biota, benefiting non-native species in these areas (DOI, 1995). 
 
Dams also alter the natural flow regime in the river; high and low flow situations may become 
less frequent and decrease in magnitude, and in some cases where releases follow the electric 
power demands the variations during a day, week or hour might by higher than over a year 
(Gillilan & Brown, 1997). This regime with more constant flows will benefit generalist 
species in the competition for resources because they are no longer displaced by the natural 
disturbance of high flows (Bednarek, 2001), and this leads to a decreased biodiversity for 
example among mayflies (Malmqvist & Englund, 1996). Species which have made 
constitutive adaptations of their life-history after these naturally occurring floods or droughts 
are affected negatively by damming, their reproduction and growth can be affected negatively 
and their fitness might be decreased leaving them vulnerable for competition from invading 
species (Lytle & Poff, 2004). The reservoir’s conditions are more alike those of a lake than a 
free-flowing river and therefore benefit lake adapted (lentic) on the account of the riverine 
(lotic) species (Bednarek, 2001). Reservoirs resemble lake habitats but are more susceptible to 
invasion of exotic species and can support multiple invaders; they can also be used as 
“stepping-stone habitats” for these species to spread to more distant lakes in the area (Johnson 
et al., 2008).  
 
Many of the ecological problems associated with dams are irreversible. Therefore, even if all 
dams are torn down everything will not automatically go back to a normal, predamming state. 
The question is: what will happen when a dam is removed and the flow is restored to a normal 
regime?  
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One of the major questions concerning dam removal is what will happen to the sediment that 
has been deposited in the reservoir over the years. After dam removal much of this will be 
flushed down the stream and smother organisms downstream (Doeg & Koehn, 1994). This 
transportation of sediment can occur under a short time period, days or weeks, or be 
distributed over several years depending on the local conditions of the dam such as for how 
long sediment has been accumulated, the velocity and gradient of the river and when or in 
which way the dam was removed (Bednarek, 2001). In the case of the previously mentioned 
restoration project of the Elwha River the question of releasing the 80 years of sediment 
build-up is one holding back the removal of the two dams. Even if some sediment are dredged 
and removed much of it will be released into the river causing impacts on fish and other 
aquatic organisms, water quality, fisheries and more during a period of time (DOI, 1995).  
 
In streams and rivers running through densely populated areas with industries this sediment 
may absorb contaminants (Wood & Armitage, 1997). A removal of a dam in such areas may 
cause a re-release of these contaminants into the river system. After removal of the Fort 
Edwards Dam on the Hudson River in New York in 1973 oil and PCB-contaminated 
sediments were re-released into the river (ASCE, 1997). In some places dam removal can also 
initiate invasion of exotic aquatic species or toxin contaminated fish populations which 
previously were constrained to only a part of the river (American Rivers, 2002).  
 
However, most of the negative effects of dam removal are considered to be relatively short-
term and in the long run dam removal can be an effective river restoration tool (Bednarek, 
2001). The long-term positive effects of dam removal and reintroduction of a more natural 
flow regime result in an increased biodiversity through enhancement of spawning grounds 
and other habitats, support of fish passage and return of riverine conditions and sediment 
transportation (Bednarek, 2001). Another very important fact is that dam removal is a onetime 
investment for the benefit of the ecosystem unlike the alternatives such as fish passages that 
require a regular input of money and new technology to maintain their function (American 
Rivers, 2002). 
 
There are more, especially long-term, studies needed on how the sudden change from a 
dammed environment to one with a more natural flow affects the ecosystem, and not only in 
the water as in most follow-up studies which have focused upon salmonids. The removal of 
the Kuba Dam in the Nätra Stream in 2007 gave an opportunity to study and follow up a wide 
variety of effects on the ecosystem, both above and below the water surface. This project has 
focused on the development of vegetation on the banks of the old reservoir upstream of the 
dam.  
 
 
1.2 Phytometers 
In phytometer studies vascular plants (or e.g. bryophytes) are used to measure differences in 
microclimates and other conditions at the different study sites (Sanders & McGraw, 2005). 
The studies can be of colonization success of seeds in a competition study, differences in 
herbivory or of growth success on different plots in a heterogeneous habitat. In Landenberger 
and Ostergren’s study (2002) they stated that indicators for these types of studies should have 
the following characteristics: “(1) highly sensitive to a known stress or disturbance; (2) 
capable of providing information over a range of anticipated stresses or disturbance 
intensities; (3) widely distributed or broadly applicable; (4) low in variability under 
background conditions; (5) associated with ecologically significant phenomena; and (6) 
efficiently sampled, analysed and interpreted.” Because of all of these requirements, it is hard 
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to find a species which is suitable and therefore it is recommended to have multiple species to 
cover the whole spectrum of changes (Landenberger & Ostergren, 2002). 
 
In the present study a herb and a woody species were selected as phytometers, which were 
then used as a measure of the qualities of the growing ground at three different elevations 
above water. The expected differences are the amount of moisture and nutrients carried with 
the water and deposited during floods and the run-off from the uplands.  
 
 
1.3 Purpose of study 
In this study phytometers were used as a means to measure if plant growth varies between 
four different study sites along the Nätra Stream, and further if plant growth varies between 
three different elevations of the riparian zone. I compared how the removal of the Kuba Dam 
has affected plant growth in the area upstream of the dam i.e. in the former reservoir, and 
downstream of the former dam in comparison with plant growth along the reservoir of an 
existing dam in Nyfors further upstream of the Kuba Dam in the same stream and a reference 
reach not affected by damming. The objective was to show if the restored sites were more 
similar to the present dam site or the free flowing reach one year after removal of the Kuba 
Dam. My hypothesis is that the restored sites differ from the existing reservoir because of the 
differences in water level regime. It is not known whether the former reservoir is most similar 
to the reach downstream of the former reservoir or the reference area furthest upstream. These 
two latter areas should be the ones most similar. This study is part of the ongoing research on 
dam removal effects carried out within the DREAM project at the Landscape Ecology Group 
at Umeå University.  
 
 
2. Method 
 
2.1 Study area 
The study was carried out at four different locations along the Nätra Stream in Örnsköldsvik 
municipality. It is a relatively small stream, approximately 100 km long, that runs through a 
mixed forest and agricultural landscape, and drains a catchment area of 1024.4 km 2. Only the 
last 26 km long reach before the outlet into the sea has been affected by dams, all except the 
Kuba Dam built for hydroelectric purposes. The headwater reaches of the stream are free-
flowing and a popular area for canoeists. (Lejon et al., 2007). 
 
The reservoir of the former Kuba Dam (Site A) was situated near the Nätra Stream’s outlet 
into the sea. The dam was built in the middle of the 1970s to supply the pulp mill in 
Köpmanholmen with water, but already in the beginning of the 1980s the factory shut down 
and the reservoir lost its function. The reservoir reached 1 km upstream of the dam and the 
dam itself obstructed passage for fish and other migratory organisms in the lowest 12 km of 
the stream (Lejon et al., 2007). As a result the stream’s population of fresh water pearl mussel 
(Margaritifera margaritifera) upstream the dam has declined, because of lowered 
reproduction success. This species is dependent upon young specimens of trout or salmon as 
hosts for their glochidie larvae under the motile part of their lifecycle (Naturvårdsverket, 
2005). For this and other reasons the dam was removed in the spring March-April of 2007, to 
allow fish to reach the areas of the stream inhabited by the mussel (Lejon et al., 2007). Photos 
taken one month after restoration are shown in Figure 1. 
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Figure 1. Photos showing the location of the former dam (left) and the former reservoir (right) one month after 
restoration. Photos by Anna Lejon (May, 2007).  
 
The newly exposed banks of the stream were one year after dam removal almost completely 
covered by ground vegetation, mostly composed of grasses, sedges, and some herbs but with 
almost no bushes and trees. A few small shoots of pioneer woody species could also be found. 
The area is used for sport fishing and trails run along the more level part of the banks which 
can be quite steeply sloping closer to the water. The substrate is fine-coursed and sandy with 
only few rocks and some woody debris. The exception is the former dam site where rocks 
have been added to reduce bank erosion (E. Hörnström, personal observations; see front page 
for photo from June 2008). 
  
The downstream site (Site B) begins directly below a stretch of small rapids at the former 
dam site. The banks of this stream reach are not as steep as in the former reservoir and the 
substrate consists mostly of rocks with pockets of interstitial sand. There are trees close to the 
water, sometimes hanging above the water surface and shadowing the understory vegetation, 
which is dominated by grasses and sedges close to the water and raspberry shrubs further up. 
Fishermen’s trails exist here too, and there is a resting place with a fire place on the western 
side of the stream. The eastern side of the stream is much less visited and the trails are not in 
the same good condition as on the western side or as on both sides of the former reservoir (E. 
Hörnström, personal observations). Photos showing the downstream area one month after the 
restoration are shown in Figure 2.  
 

    
Figure 2. Photos of the area downstream of the former Kuba Dam. Photos by Anna Lejon (May, 2007) 
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Figure 3. Photos showing the Nyfors Dam reservoir taken from the meeting point towards the dam. The left 
picture shows the eastern side of the stream, and the right shows the western side. Photos by Eva Hörnström 
(October, 2008). 
 
Site C is located upstream of the Kuba dam at Nyfors Dam which lies in an area much 
affected by human activity. It is one of the four dams still present in the Nätra Stream; there is 
one further downstream and two additional ones further upstream. Agricultural land with 
fields and pastures surround the stream and sometimes proceed all the way to the water, 
where cattle move for drinking. There is also a meeting point for the locals for barbecuing and 
swimming in summer, and scattered landings for boats. My experiment was conducted in the 
reservoir in the small areas which are still bordered by strips of forest and which were not part 
of the pastures. Examples are shown in the photos in Figure 3. The trees extend to the 
waterline and some had their bases inundated at the time of the study because the water level 
was high. Raspberry shrubs were present but not as common as in Site B. The banks were 
steep at the reach closest to the dam on the western side but at other places there were level 
flood plains close to the water (E. Hörnström, personal observations).  
 
The reference site was situated at Myreforsen (Site D), a stretch of rapids upstream of the 
dams and unaffected by regulation or damming. The eastern side has a forest buffer strip 
separating the stream from agricultural land; a road follows parts of the stream on the western 
side but the forest cover is denser, although it has recently been partly cut. A bridge crosses 
the stream near the middle of the study site, from which the photos in Figure 4 is taken. The 
substrate resembles the one at Site B; it is rocky with some more sandy reaches here and there 
with the biggest deposition in the reach downstream of the rapids. The banks at the eastern 
side are far steeper than on the western side (E. Hörnström, personal observations).  
 

       
Figure 4. Photos showing the reference reach taken from the bridge. The left picture shows the area upstream of 
the bridge and the right one the downstream area of the bridge. Photos by Eva Hörnström (October, 2008). 
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2.2 Preparation of phytometers 
In this study hybrids of Tea-leaved willow (Salix phylicifolia) and Dark-leaved willow (Salix 
myrsinifolia) were used as a phytometer to show how the growth of a woody species responds 
to the different sites and levels. This taxon was selected because it is common on disturbed 
sites in the region, and thrives in moist places such as riparian areas (Mossberg and Stenberg, 
2003). Sunflower seeds were also used as a phytometer as an indication of the colonization 
success among herbs at different sites and levels. 
 
The willow specimens were collected along the lower Ume River. Branches were cut to 40 
cm length and with a maximum diameter of 2.5 cm. The bottom cut was made diagonally to 
facilitate the development of roots, and lateral twigs on the “cuttings” were shortened to 2-3 
cm to facilitate packaging and transportation (see Figure 5 below for a schematic picture). 
Bundles of willow cuttings were put halfway down into peat on a mire near Lake Nydala, 
Umeå, to let them develop roots before planting at the study sites. The roots of the cuttings 
were about 1 cm long when moved after one month and most had already developed several 
shoots (see Figure 6). 
 
 
2.3 Time of field study 
The willow cuttings were cut and planted into the mire during the 10th to 11th of May 2008 
and they were left for rooting until the 13th of June. They were planted at the study sites the 
14th to 15th of June and were left to grow for two months until 15th to 16th of August when 
their performance was measured. The sunflower seeds were sowed on the 4th of June and 
germination success was quantified at the same time as for the willow cuttings, on the 15th to 
16th of August.  
 
 
2.4 Experimental design  
At the four different locations at Nätra Stream the willow cuttings were planted at three 
different elevational levels in a diagonal pattern along the stream with a distance of 6 m from 
each other (Figure 7). The first was planted at the lowest level (a) where flooding is common, 
the second at an intermediate level (b) where flooding is less common and the third was 
planted at the highest level (c) where flooding occurs most seldom or not at all. Frequently 
visited places such as resting places close to the stream and other meeting points for local 
people and fishermen were avoided to protect the cuttings from trampling.  
 

 
Figure 5. Schematic picture of the        Figure 6. Photo of the willow cuttings in the mire when ready for 
preparation of the cuttings.                planting at the study sites. Photo by Eva Hörnström, June 2008.
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Figure 7. Sketches of the experimental design showing a) the placement of the cuttings, 6 m apart, along the 
stream and b) the different levels of elevation.  
 
Altogether, 99 cuttings were planted at both sides of the former reservoir of the Kuba Dam, 
and 35 cuttings were planted at both sides of the stream in the three other sites; downstream of 
the former dam, at Nyfors Dam and at the reference site Myreforsen. The above ground 
lengths of each cutting and all its shoots including the top leaf were measured with a folding 
rule and added together as a measurement of the total length of the plant. After 2 months the 
cuttings were measured again in exactly the same way to quantify the growth since the 
previous measurement; dead and dry shoots were not measured. Dead plants were noted as 
dead in the protocol.  
 
At each site, 30 plots were sown with sunflower seeds, with ten plots at each level in a 
diagonal pattern as for the willow cuttings but 10 m apart and only on the western side of the 
stream. The plots consisted of 30 x 30 cm quadrats that were cleared from all existing 
vegetation with a rake before sowing. Thirty seeds were added to each plot.  By the time of 
the second measurement of the willow cuttings the number of sunflower seedlings at each plot 
was counted.  
 
 
2.5 Data processing and statistical analyses  
Basic data compilation and processing were conducted using Microsoft Office Excel 2003. 
Analysis of variance (ANOVA) was done using the statistical program R. This method of 
analysis was chosen due to the fact that the experiment is factorial. The explanatory variables 
(site, side of stream and level; or site and side for sunflowers) are categorical and the response 
variable (growth; seedling numbers for sunflowers), is continuous. The dataset included 
missing values because of specimens or plots that were not found at the second measurement; 
these were omitted during the analyses. Dead willow specimens were entered to the dataset as 
zeroes and included in the analysis. 
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3. Results 
 
3.1 The data: Mortality and missing values 
 
3.1.1 Willow cuttings 
The data collected from the measured willow cuttings showed both zero, negative and 
positive values of growth compared to the first measurement. The positive values implied that 
they had continued to grow and the negative ones that they had lost one or more of their 
former shoots and only had a few left that were alive. The ones that were dead and dry were 
categorized as zero growth.  
 
The mortality of the willow cuttings was quite high, totalling 217 out of 408 (53%), but the 
number of dead cuttings varied between the different levels. When all sites were combined 
level “a”, closest to the water had 37% dead cuttings while levels “b” and “c” had 58% and 
65% dead cuttings, respectively. The amount of dead cuttings also varied between the 
different sites (Table 1). Site A, the former dam, had 22% deaths at the western side and 45% 
deaths at the eastern side. Sites B and D had about the same percentage of dead cuttings; 74 % 
on the western side and 71% at the eastern side at both sites. Site C had 86% dead cuttings on 
the western side and only 51% dead ones at the eastern side.  
 
The eastern side of site C, however, had most missing cuttings (43% of the total number), and 
this leaves us with only two cuttings that were still alive at the second measurement at this 
side. The other sites and sides had a very small amount of missing cuttings, 6% was the 
highest (at Site A’s eastern side) and the other sites had fewer or no missing cuttings at all. 
Level “a” had the highest amount of missing cuttings, 9%, closely followed by level “b” with 
7% missing cuttings. Level “c” had the lowest amount with only 1.5% missing cuttings. A 
total of 25 cuttings were not found at the second measurement. 
 
 
3.1.2 Sunflowers 
For the sunflower plots the data consisted of numbers of seedlings at each plot. However, 
many of the 30 plots were not found on the four sites during the second visit. Unfortunately, 
only a total of six plots were found at the “A” site which makes it difficult to conclude 
anything about this site, while there were around 20 plots at the three other sites. Many of the 
plots had no seedlings, 10% of the plots at site “A” and “B” had seedlings, 23% of the plots 
had seedlings at site “D” and no seedlings at all were found at site “C”.  
 
 
3.2 Growth analysis 
 
3.2.1 Willow cuttings 
The mean growth at the different sites, sides and levels were calculated and the results are 
presented in the graphs in Figures 8 and 9. The graphs in Figure 8 show that site “A” had had 
the greatest growth of all sites, especially the western side and the lowest level. Figure 9 
shows how the growth was distributed among levels at the different sites and sides. Both site 
“C” and site “D” showed some negative values of mean growth. It is worth mentioning that 
all bars in site C except for the “a” level bar at the western side had only one living willow 
cutting and that the growth of this cutting made the difference between a positive mean value 
and zero. The same applies to site the “b”-level of site “D” in the eastern side and the “c”-
level on the western side. 
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Table 1. Data showing the mortality of willow cuttings at sites A-D on the two sides (East & West) as a total and 
the three different elevation levels a-c. Level a is closest to the water, and level c is the highest elevation level. 
 

 
 
 
The variance of the collected data was analysed with a three-way ANOVA, which showed 
that there are significant differences (α = 0.05) in growth between areas. Tukey’s HSD 
showed that level “a” had a significantly higher growth than both levels “b” and “c” 
(p<0.001), and the eastern side had significantly less growth than the western side (p<0.001). 
Site “A” had a significantly higher growth than all the other sites (all had p<0.001). 
 
Some significant two-way interactions were also detected. Level “a” at site “A” had a 
significantly higher growth than all other levels at site “A”, “B”, “C” and “D” (all with 
p<0.001). Level “c” at site “D” also had a significantly lower growth than level “b” at site 
“A” (p=0.023) and level “c” at site “A” (p=0.003). At the western side at site “A” cuttings had 
grown significantly more than at all other sides in sites “A”, “B”, “C” and “D” (p<0.001). 
Also at the eastern side at site “A” cuttings had grown significantly better than at the eastern 
side at site “D” (p=0.022). No significant three-way interactions were found. 

Site Side Level Living Missing Dead  % dead 
A East a 22 3 8 24% 
   b 14 3 16 48% 
   c 12   21 64% 
  Total   48 6 45 45% 
  West a 29 2 2 6% 
   b 21   12 36% 
   c 25   8 24% 
  Total   75 2 22 22% 
B East a 6   6 50% 
   b 3   9 75% 
   c 1   10 91% 
  Total   10   25 71% 
  West a 2   10 83% 
   b 4   8 67% 
   c 3   8 73% 
  Total   9   26 74% 
C East a 1 6 5 42% 
   b 1 7 4 33% 
   c   2 9 82% 
  Total   2 15 18 51% 
  West a 2 1 9 75% 
   b 1   11 92% 
   c 1   10 91% 
  Total   4 1 30 86% 
D East a 1   10 91% 
   b 1   11 92% 
   c 8   4 33% 
  Total   10   25 71% 
  West a 2 1 6 67% 
   b 4   9 69% 
   c 2   11 85% 
  Total   8 1 26 74% 
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Figure 8. Graphs showing the difference in Salix mean growth (cm) between the different sites A, B, C and D 
and levels (left) where the lowest level (a) is shown in the darkest gray and the highest level (c) is shown with 
the lightest gray and the difference in growth between sites and sides (right), where the eastern side is shown in 
darker colour and the western in a lighter gray. Note the difference in scales on the y axis.  
 
 
 
 
3.2.2 Sunflowers 
The results for sunflower seedlings (Table 2, Figure 5) were also analysed with a two-way 
ANOVA and results differed significantly between sites but not between levels or interactions 
between levels and sites. Tukey’s HSD showed that site “D” (reference) differs significantly 
from both site “B” (downstream reach) (p=0.049) and site “C” (existing dam) (p=0.003). No 
significant differences were found between site “A” and other sites.  
 
 
4. Discussion 
 
4.1 Examining the results  
The growth of the willow cuttings shows that after one year the former reservoir of the Kuba 
Dam (site “A”) is still significantly different from an area unaffected by damming, but the site 
has also become significantly different compared to an existing reservoir. These results 
support my hypothesis. The higher growth at the former reservoir site compared to the other 
sites might have been a result of the combination of fine sediment on the banks and the lack 
of tree coverage in comparison to the other areas with more developed vegetation. The 
restoration follow-up study made by Lejon et al. in 2007 came to the same conclusion. The 
availability of sunlight and a fine-grade, moist substrate provides a good growing ground for 
plants. Studies have shown that reservoirs with fluctuating water-level regimes reduce the 
growth of individual plants (Johansson & Nilsson, 2002), which corroborates the results for 
site “C”. As expected, no significant differences were found between sites “B” and “D”, but 
their vegetation status results could neighter be separated from that of site “C”. A likely 
explanation could be that these three sites have been in this state for a longer time and are in 
later succession stages which make colonization more difficult for willow. 
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Figure 9. Graphs showing the difference in Salix mean growth (cm) of the different sites A, B, C and D and their 
distribution within the western (W) and eastern (E) sides, respectively, and the three different elevation levels at 
each side. Level “a” the lowest level is the darkest bar while level “c”, the highest level palest. Note the 
difference in scales on the y axis.  
 
 
 
The fact that the willow cuttings at that the lowest elevation had a much higher growth 
success than at the higher levels regardless of site (especially apparent in site “A”), could 
have something to do with a more stable substrate humidity at the lower levels that would 
facilitate growth. Additionally, this level might have a higher influx of nutrients both from 
upstream the river and from the surrounding upland through run-off. In some of the areas 
where trampling had a higher effect on survival of the plants this could also imply that the 
plants nearer the water had a higher chance to avoid this disturbance.  
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Table 2. Data showing the number of plots out of 10 planted with sunflower seeds found at each elevation level 
(a-c), the total number of seedlings from the 30 seeds sown in these plots and the mean value at each level. 
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Figure 5. The mean number of sunflower seedlings found at each  
site A-D and elevation (a-c). Dark gray = lowest elevation,  
lightest gray = highest elevation. 
 
 
 

The fact that the western side of the stream had a higher growth success than the eastern side 
might stem from a number of reasons. The eastern side of sites “A” and “C” had been subject 
to more disturbances by fishermen and others than their western side; there were actually 
tracks after terrain vehicles at site “A”, but the eastern side of site “B” and “D” did not have 
the same problem. The fact that the willow phytometer showed less growth at the eastern side 
of site “D” than at both sides of site “A” could result from the condition that site "A" has a 
steeper slope and was subject to some erosion during the time of study; the same goes for 
parts of the eastern reach of site “B” even though it had better success than the reference site. 
Another explanation might be that the sides receive different amounts of sunlight during the 
day because of their differences in aspect. 
 
Many of the willow cuttings died during the field study. Most of these dried out, some were 
planted in places with cobbles which made them unstable so they fell over, and a couple were 

Site Level No of plots No of seedlings Mean value 
A a 5 6 1.2 
 b 1   
 c 0   

B a 6 11 1.8 
 b 7 10 1.4 
 c 6   

C a 9   
 b 7   
 c 9   

D a 5 30 6 
 b 7 33 4.7 
 c 5 18 3.6 
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subjected to predation by beavers. The reason that some cuttings ended up missing in sites 
“A” and “C” was probably due to the above-mentioned human disturbance, but in site “C” a 
few also went missing because of poor markings which made them difficult to retrieve in 
places where they were covered by thick vegetation, such as raspberry shrubs and high grass.  
 
The analysis of the results of the sunflower study showed that the reference site had a better 
colonization success than the reservoir. However this is reasonable because it was the more 
fine-grained parts of the reference reach that had most success with the seedlings. A likely 
explanation is that the already thick vegetation of grasses and sedges shadowed the seeds too 
much in the former reservoir. In comparison, the willow cuttings had already reached a higher 
height before planting at the study sites and maybe escaped this problem easier.  
The fact that many plots escaped retrieval could also have influenced the results. The reason 
that so many plots were lost in site “A” is due to poor markings as was for some of the willow 
cuttings in site “C”. At the time when the plots were sown the vegetation at site “A” had not 
reached the height and thickness as met me when the germination results were to be collected, 
so my lack of experience in preparing these kinds of studies played a role. The numbers of 
seedlings at the plots were low over all, and some plots had signs of seed predation by birds. 
An unpublished study of germination success of sunflower seeds in Kuba by Anna Lejon 
failed due to the vast predation by birds. The large seed size is thought to attract birds to these 
plots and a study examining this hypothesis has been conducted in the former reservoir of the 
Kuba dam this summer (Lejon and Renöfält, personal communication). 
 
At least this far the riparian vegetation of the former reservoir in Kuba is exhibiting a 
succession that has been observed in other studies following dam removal made in Wisconsin, 
USA (Orr & Stanley, 2006). Even though studies have shown that riparian vegetation, 
alongside mussels, requires the longest time for recovery compared to fishes and benthic 
macroinvertebrates (Doyle et al., 2005) the banks often have a quick colonization of weedy 
plants with high growth rate, high seed production and good dispersal mechanisms reducing 
the areas of bare sediment. This was shown in a master’s thesis done by Orr in 2002 on small 
dam removals in Wisconsin presented in Doyle et al.’s article from 2005. They concluded that 
overland sediment erosion will be limited and restricted to the channel bank and bed during 
channel adjustments. This thesis also concluded that succession would not stop at any stage. 
This challenged the results of master’s thesis by Lenhart from 2000 (cited by Doyle et al. 
2005), who stated that the combination of aggressive invasive species and the accumulated 
nutrient-rich sediment could slow down or even stop succession in vegetation. This shows 
that more long-term studies on how vegetation has changed and adapted after dam removal 
are needed. When it comes to removal of higher dams a study of the 4 year drawdown of the 
Horsetooth Reservoir by Auble et al. (2007) has shown that during the drawdown riparian 
vegetation develops in a similar way to that during small dam removal, even in the upper 
areas where the adjacent vegetation is different from the one that is formed. This suggests that 
the recovery of the vegetation will not become a copy of the pre-dam vegetation and that the 
recovery will take a long time, leaving “memories” in form of individuals of riparian species 
in the drained shoreline parts of the former reservoir.  
 
Certain sediment transportation occurred during the first year after removal of the dam due to 
increased current velocity, but there is still a 5-15 cm thick sediment layer in the shoreline of 
the former reservoir (Lejon et al., 2007). The amount of sediment will become less with time 
through further transportation. The downstream riparian zone has not been much affected 
through sediment deposition, the majority of the reaches consist of rocks and cobbles, maybe 
as a result of earlier releases of “hungry water” (Kondolf, 1997). As for the question of 
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invading exotic species it has not been much of a problem in the northern part of Sweden this 
far, but in the southern part of the country there have been some problems with Himalayan 
balsam (Impatiens glandulifera). A few specimens of this species have been found in the 
former reservoir and their development should be monitored to avoid excessive spread (Lejon 
et al., 2007). 
 
 
4.2 Future prospects 
It would be very interesting if this study would be repeated after a few years to follow the 
sites over time to assess when and if changes in growth conditions will occur and if the 
former reservoir site will reach the qualities of an unaffected area. A good idea for future 
studies could be to involve other factors, such as substrate moisture, tree coverage, amount of 
nutrients and flooding frequency at the different levels, in the analysis to evaluate what causes 
the differences between sites and levels.  
 
The phytometer method has been a good way of analysing differences in colonization success 
between sites and levels. When using willow as a phytometer species it is important to let the 
cuttings develop good roots before planting at the study sites to decrease the risk for drying 
out. In this study the shoots which had already developed before planting were left for further 
growth; this led to much time-consuming measuring while planting. If these shoots instead 
had been removed measuring would only be needed after the growing season. It could be 
worthwhile to replace the sunflower seeds with another herb species with seeds that are less 
attractive for predators.   
 
The results from this study could assist in future planning of dam removals in cases where the 
stored sediment on the banks of the river causes concern for downstream habitats. Planting of 
woody species, such as willow as in this case, maybe already during the drawdown of the 
reservoir, would secure the banks from erosion and keep the resulting sediment transportation 
from smothering the downstream area (Doyle et al., 2005). Sowing of mixtures of native 
herbaceous species could help in areas where there is a risk of invasion of dominant exotic 
species, but in cases such as the Kuba Dam colonization occurred naturally very fast and 
formed a ground-covering understory only one year after the removal.  
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